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We examined the effects of volatile anesthetics on pica, which can be used to assess nausea and vomiting
in rats. We found that inhalation anesthesia with sevoﬂurane signiﬁcantly induced pica in female but not
male rats. Among the female rats, young rats (8 weeks old) were more susceptible to its induction than
adult rats (20 weeks old) with ovariectomy or sham-surgery. Anti-emetic drugs that are used to prevent
postoperative nausea and vomiting (PONV) inhibited the pica. These results suggest that sevoﬂurane-
induced pica in young female rats has the potential to be an animal model of PONV in humans.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Postoperative nausea and vomiting (PONV) occur in 30% of pa-
tients receiving surgery under general anesthesia (1). Risk factors of
PONV are considered to be a female sex, younger age, past history of
PONV and/or motion sickness, non-smoking status, the duration
and type of anesthetics, and postoperative use of opioids (2). Se-
rotonin 5-HT3, dopamine D2, histamine H1, neurokinin NK1 recep-
tor antagonists, and corticosteroids are used to reduce the
incidence (3); however, patients often experience PONV despite the
administration of these anti-emetic drugs (4). To elucidate its eti-
ology, the objective evaluation of this symptom in experimental
animals is required. Rats are assumed to be unsuitable for the
purpose because they do not vomit. However, we have proposed
that emetic stimulus-induced pica, a craving to eat non-food ma-
terials such as kaolin, in rats can be used as an assessment of nausea
and vomiting in humans (5, 6). We investigated the effects of sev-
oﬂurane on the development of pica and examined the effects of
anti-emetic drugs on this anesthetic-induced pica.
All experimental protocols were approved in accordance with
the Animal Experimental Committee of Osaka University. Naive
male (6 weeks old, body weight: 190e220 g) and female (8 weeks. Yamamoto).
rmacological Society.
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d/4.0/).old, body weight: 180e210 g) Wistar/ST rats were obtained from
Japan SLC (Shizuoka) and housed in individual home cages
(25  20  20 cm) in a roomwith a regular light/dark cycle (lights
on 6:00e18:00) at a constant temperature (approximately 24 C)
and humidity (approximately 50%). During habituation and the
experimental period, rats were allowed free access to water,
commercially available standard chow (CE-2, CLEA Japan, Inc.,
Tokyo), and handmade kaolin pellets prepared according to a pre-
viously reported method (6). The food pellets and kaolin were
provided in their respective stainless steel containers
(5 5 10 cm) placed in the home cage. After more than oneweek
of habituation, the rats were administered sevoﬂurane (Pﬁzer Japan
Inc., Tokyo). The anesthetic method was as follows. Rats were
placed in a sealed acrylic box (40  40  30 cm) and exposed to 3%
sevoﬂurane using a vaporizer (BS-400T; Brain Science Idea Co., Ltd.,
Osaka) for induction. After the conﬁrmation of immobilization, rats
were removed from the acrylic box and continuously exposed to
1.5% sevoﬂurane with a rodent face mask. The concentration of
sevoﬂurane was determined by conﬁrmation of the loss of the
righting reﬂex in each rat. To maintain a core temperature of
around 37 C, all rats were placed on a heating pad during anes-
thesia, and the body temperature was monitored using a rectal
probe. The duration of sevoﬂurane anesthesia was varied at 1, 3,
and 6 h. The time when the sevoﬂurane anesthesia was stopped
was set in accordance with the start time of the dark phase (atnese Pharmacological Society. This is an open access article under the CC BY-NC-ND
K. Yamamoto et al. / Journal of Pharmacological Sciences 131 (2016) 68e71 6918:00). All rats were immediately returned to their home cage. For
the control study, rats were placed in the box without anesthesia
for 6 h. Daily food and kaolin intakes and the body weight were
measured on the day before and after receiving the anesthetic
agents. Spilt food and kaolin were collected and weighed to accu-
rately calculate consumption. Food and kaolin weights were
measured to the nearest 0.01 g. There were six rats in each of the
experimental groups. In this study, the estrus cycles of female rats
were not considered throughout the experiment.
In another series of experiments, bilateral ovariectomized rats
(OVX-rats, body weight: 300e330 g) or sham-surgery rats (sham-
operated, body weight: 250e280 g) were administered sevoﬂurane
anesthesia for 6 h. Ovariectomized rats were used as a model of the
menopausal state. Their daily food and kaolin intakes and body
weight were measured on the day before and after receiving the
anesthetic agents. The general experimental protocol was the same
as described above. The surgical procedure was according to a
previously reported method (6). There were four rats in each of the
experimental groups. Female rats (8 weeks old) wereFig. 1. The effect of sevoﬂurane on (A) kaolin and (B) food intakes in male and female r
administered using inhalation equipment. The duration of anesthesia was varied at 1, 3, and
24 h after sevoﬂurane administration. The data were analyzed for signiﬁcant differences us
comparison tests. *P < 0.05 and ****P < 0.0001 vs. control group.intraperitoneally injected with granisetron (0.1 and 0.5 mg/kg),
prochlorperazine (1 and 5 mg/kg), fosaprepitant (1 and 2 mg/kg),
diphenhydramine (10 and 20 mg/kg), or dexamethasone (0.5 and
1 mg/kg) simultaneously at the end of sevoﬂurane anesthesia, and
their kaolin and food consumption levels weremeasured after 24 h.
All commercialized anti-emetic drugs purchased from pharma-
ceutical companies were dissolved in physiological saline. The
doses of anti-emetic drugs are expressed as the free base and were
selected according to the published data (6, 7). Control animals
intraperitoneally received saline (1 mL/kg body weight). There
were ﬁve rats in each of the experimental groups. Data are
expressed as mean values ± S.D. Two-way factorial analysis of
variance (ANOVA) followed by Bonferroni's post-hoc test was used
for the comparison between male and female rats. Differences in
the results from experiments on OVX rats and anti-emetic drugs
were analyzed using the non-parametric ManneWhitney U test
and one-way ANOVA, followed by post-hoc Dunnett's multiple
comparison test, as appropriate. A P-value of less than 0.05 was
considered signiﬁcant.ats. There were six rats in each of the experimental groups. Sevoﬂurane (1.5%) was
6 h. Columns and bars represent the mean ± SD of each cumulative intake measured
ing two-way analysis of variance (ANOVA), followed by post-hoc Bonferroni's multiple
Table 1
The effects of anesthetics on kaolin and food intakes in ovariectomized and sham-surgery rats.
Kaolin intake Food intake
OVX rats Sham-operated rats OVX rats Sham-operated rats
Control 0.01 ± 0.01 g 0.18 ± 0.15 g 13.5 ± 2.00 g 13.2 ± 2.78 g
Sevoﬂurane (6 h) 0.13 ± 0.24 g 1.29 ± 0.71 g* 12.4 ± 1.59 g 11.7 ± 1.21 g
Bilateral ovariectomized rats (OVX rats) or sham-surgery rats (sham-operated rats) were administered sevoﬂurane (1.5%, 6 h) anesthesia. There were four rats in each of the
experimental groups. The data were analyzed for signiﬁcant differences using ManneWhitney U tests. *P < 0.05 vs. OVX rat.
K. Yamamoto et al. / Journal of Pharmacological Sciences 131 (2016) 68e7170As shown in Fig.1A, female rats exposed to sevoﬂurane for 6 h ate
signiﬁcant amounts of kaolin (P< 0.0001). Male ratswhich received
sevoﬂurane ate a small amount of kaolin, but there was no signiﬁ-
cant difference among the groups. Sevoﬂurane signiﬁcantly
decreased food intake in female (P ¼ 0.0467) but not male rats
(Fig. 1B). As shown in Table 1, sham-operated rats were more
responsive to the development of sevoﬂurane-induced pica than
OVX rats (sevoﬂurane: P¼ 0.0286). However, the amounts of kaolin
ingested by sham-operated rats treated with sevoﬂurane were less
than those by naive female rats. The administration of sevoﬂurane
did not affect food intake in OVX or sham-operated rats. From these
results, a six-hour duration of sevoﬂurane inhalation in naive youngFig. 2. The effects of anti-emetic drugs on (A) kaolin and (B) food intakes in female rats treat
emetic agent (5-HT3 antagonist: granisetron 0.1 and 0.5 mg/kg, D2 antagonist: prochlorp
antagonist: fosaprepitant 1 and 2 mg/kg, corticosteroid: dexamethasone 0.5 and 1 mg/kg) o
(1.5%, 6 h). Columns and bars represent the mean ± SD of cumulative intakes measured 24
using analysis of variance (ANOVA), followed by post-hoc Dunnett's multiple comparison tefemale rats was selected for further experiments. The highest dose
of all anti-emetic drugs alone did not affect food intake (saline:
13.8 ± 1.8 g; granisetron 0.5 mg/kg: 14.3 ± 2.0 g; prochlorperazine
5 mg/kg: 13.9 ± 2.7 g; fosaprepitant 2 mg/kg: 13.7 ± 3.8 g;
diphenhydramine 20 mg/kg: 13.9 ± 1.7 g; dexamethasone 1 mg/kg:
13.4 ± 1.1 g). As shown in Fig. 2A, pretreatment with higher doses of
all anti-emetic drugs signiﬁcantly inhibited sevoﬂurane-induced
pica (F(10,44) ¼ 10.10, P < 0.0001, granisetron: P < 0.0001; pro-
chlorperazine: P ¼ 0.0020, diphenhydramine: P ¼ 0.0009, fosapre-
pitant: P¼ 0.0135, dexamethasone: P < 0.0001). The administration
of anti-emetic drugs had no effect on the sevoﬂurane-induced
decrease of food intake (Fig. 2B: F(10,44) ¼ 1.757, P ¼ 0.0972).ed with sevoﬂurane. There were ﬁve rats in each of the experimental groups. Each anti-
erazine 1 and 5 mg/kg, H1 antagonist: diphenhydramine 10 and 20 mg/kg, and NK1
r saline was intraperitoneally administered after ﬁnishing the inhalation of sevoﬂurane
h after sevoﬂurane administration. The data were analyzed for signiﬁcant differences
sts. *P < 0.05, **P < 0.01, and ****P < 0.0001 vs. saline-treated group.
K. Yamamoto et al. / Journal of Pharmacological Sciences 131 (2016) 68e71 71PONV is not a life-threatening symptom, but it is distressing for
patients who have undergone surgery. The insufﬁcient control of
PONV reduces the patients' quality of life. In fact, it has been re-
ported that the avoidance of PONV is more important to patients
than that of postoperative pain (8), but it is difﬁcult to inhibit PONV
completely (4). To ﬁnd solutions to the management of PONV in a
preclinical study, a clear objective evaluation of anesthetic-induced
nausea and vomiting in laboratory animals is needed. Previous
reports demonstrated that Suncus murinus (house musk shrew)
showed vomiting in response to inhalation anesthetics (halothane,
nitrous oxide, and isoﬂurane) (9, 10), and that an NK1 antagonist
and a 5-HT3 antagonist inhibited this anesthetic-induced vomiting;
thus, Suncus is advocated as an animal species for evaluating PONV
(10).
In this study, we found that sevoﬂurane signiﬁcantly induced
pica in female rats, and anti-emetic drugs that are clinically used
to prevent PONV inhibited anesthetic-induced pica. Previous re-
ports suggested that the incidence of PONV was markedly affected
by the phase of the menstrual cycle, and that PONV was often
induced during menstruation and the preovulatory period (11);
thus, it makes sense that a major risk factor for PONV is a younger
female sex (2). We actually observed that female rats at the age of
8 weeks were more susceptible to its induction than male, females
at the age of 20 weeks, and ovariectomized females. These results
indicate that anesthetic-induced pica has the potential to be used
to evaluate PONV in human patients. The estrogen level is
considered to be an important factor in the development of
anesthetic-induced pica in rats. It is known that the normal
estrous cycle of laboratory rats is almost 4 days in length (12).
Further experiments will be needed to determine whether the
estrous cycle is a responsible factor for the increase in the inci-
dence of anesthetic-induced pica and the variability of kaolin
intake in rats.
Sevoﬂurane induced a loss of appetite, and none of the anti-
emetic drugs had an effect on this loss of appetite. Sevoﬂurane is
known to induce the inhibition of gastrointestinal motility and the
delay of gastric emptying (13). General anesthetics have been
shown to cause sedative, hypnotic, and immobilizing effects via the
activation of gamma-aminobutyric acid type A (GABAA) receptors
(14). Greenwood-Van Meerveld and Barron (15) suggested that
GABAA receptors are involved in gastrointestinal motility. These
ﬁndings suggest that the etiology of this loss of appetite may differ
from that of PONV.
In summary, the sevoﬂurane-induced pica in female rats has the
potential to reﬂect PONV in human patients.Conﬂict of interest
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